Abstract The epithelial transmembrane glycoprotein E-cadherin (CDH1) is necessary for intercellular adhesion, cell signaling, and maintenance of cellular differentiation; reduced expression contributes to cell proliferation, invasion, and cancer progression. Functional or potentially functional single nucleotide polymorphisms (SNPs) in E-cadherin have been previously identified and evaluated in relation to cancer risk; however, studies on breast cancer have been sparse. Forty-six SNPs were genotyped to capture genetic variation of the CDH1 gene among 2,290 Phase 1 and 1,944 Phase 2 participants of the Shanghai Breast Cancer Study (SBCS), a large, population-based, case-control study. No overall associations between E-cadherin SNPs and breast cancer risk were observed. When stratified by menopausal status, associations that were consistent between Phases 1 and 2 and significant when data from both phases were combined were observed for several SNPs. Although none of these associations retained statistical significance after correcting for the total number of polymorphisms evaluated, this study suggests that genetic variation in CDH1 may be associated with breast cancer risk, and that this relationship may vary by menopausal status.
Introduction
The transmembrane glycoprotein E-cadherin (CDH1) is necessary for normal epithelial cells intercellular adhesion, cell polarity, cell signaling, and maintenance of cellular differentiation and tissue morphology [1] [2] [3] . Diminished E-cadherin expression promotes malignant transformation, tumor invasion, and metastasis [1] [2] [3] . A promoter polymorphism (-160 C/A, rs16260) that results in reduced E-cadherin expression for the minor allele (A) [4] [5] [6] has been extensively studied and is suggested to be associated with increased susceptibility to lung, prostate, and gastric cancers in meta-analyses [7, 8] . In regards to breast cancer, only two case-control studies have evaluated this single nucleotide polymorphism (SNP); one found no association [5] , while the other found a significantly increased risk among A allele carriers [9] . Additional promoter polymorphisms that influence E-cadherin expression have also been reported (-347 G/GA, -288 T/-, -285 C/A, -54 G/C) [10, 11] , as have other potentially functional SNPs (163 ? 37235 G/A in intron 2, and 3 0 UTR ? 54 C/T) [12, 13] , but none have been evaluated in relation to breast cancer risk. This study was, therefore, undertaken to comprehensively assess individual genetic variation across E-cadherin, and evaluate associations with susceptibility to breast cancer among participants of the Shanghai Breast Cancer Study (SBCS).
Methods
Study subjects were participants of the SBCS, a large, twophase, population-based, case-control study of women in urban Shanghai which has been previously described in detail [14] [15] [16] . Briefly, breast cancer cases were identified via a rapid case-ascertainment system in Phase 1, and the Shanghai Cancer Registry in Phases 1 and 2; diagnoses were confirmed by two senior pathologists. Controls were randomly selected using the Shanghai Resident Registry. Phase 1 recruitment occurred between August 1996 and March 1998, and included women aged 25-65. Phase Haplotype tagging SNPs (htSNPs) were selected using Han Chinese data presented in the HapMap Project [17] using the Tagger program [18] to capture SNPs with a minimum minor allele frequency (MAF) of 0.05 in E-cadherin (±5 kb) with an r 2 of 0.90 or greater. Twentyeight E-cadherin SNPs were selected; twenty-four were successfully designed and genotyped in 2006 for 1,062 cases and 1,069 controls from Phase 1, using a Targeted Genotyping System (Affymetrix, Santa Clara, CA) as previously described [15] . In order to increase the density of genetic markers in this study, data from our recently completed Affymetrix Genome-Wide Human SNP Array 6.0 (Affymetrix) was included for an additional 22 E-cadherin polymorphisms (±10 kb) that were genotyped among 1,104 cases and 1,109 controls from Phase 1, and 969 cases and 975 controls from Phase 2.
Hardy-Weinberg equilibrium (HWE) was tested by comparing the observed and expected genotype frequencies of the controls (v 2 -test). Odds ratios (ORs) and corresponding 95% confidence intervals (CIs) were determined by logistic regression analyses using models that included adjustment for age, education, and study phase if appropriate. Additive, dominant, recessive, and allelic associations were considered. Linkage disequilibrium (LD) was assessed by Haploview [19] . Haplotype analysis was conducted with Hapstat [20] . Initial statistical significance was determined with a threshold P value of 0.05; however, to address the issue of multiple comparisons, the Bonferroni correction was then employed. All statistical tests were twotailed.
Results
A total of 4,234 women were included in this study: 2,290 Phase 1 participants and 1,944 Phase 2 participants (Table 1) . Women in both study phases were generally comparable. As expected, breast cancer cases were found to differ from controls in regards to known breast cancer risk factors; cases were more likely to have earlier age at menarche, older age at first live birth, a history of breast fibroadenomas, a history of breast cancer among a first degree relative, a higher body mass index (BMI) and/or waist-to-hip ratio (WHR), and less likely to participate in regular physical activity than controls.
A total of 46 E-cadherin SNPs were included in this study: 24 htSNPs and 22 additional SNPs from the Affymetrix Genome-Wide Human SNP Array 6.0 (Affymetrix). Of these polymorphisms, none were found to deviate from HWE, but six were found to have minor allele frequencies (MAFs) of less than 5% (rs7194684, rs3931740, rs8049967, rs7190460, rs13330170, and rs2276328). Eleven SNPs were included by both genotyping methods included in this study for an average of 1,895 participants; concordance rates for these samples ranged from 99.6-100, and averaged 99.78. When two genotyping sources were available for one polymorphism, the source with the larger number of samples genotyped was used in our analyses. Information and estimates of effect for the 40 E-cadherin polymorphisms with MAF C 5% are shown in Table 2 . In analyses including all women, no SNPs were found to be significantly associated with breast cancer risk in additive models that included adjustment for age, education, and study phase (when appropriate). Further, no significant associations were identified under dominant or recessive models (data not shown). For simplification, estimates of effect on risk per minor allele are presented.
As the etiology of breast cancer may differ by menopausal status, stratified analysis was conducted. Several CDH1 SNPs appeared to be associated with breast cancer risk among either pre-or postmenopausal women. Again, additive, dominant, and recessive models were considered, while for simplification, allelic associations are presented in Table 2 . Polymorphisms of interest were then selected for further analysis to address whether associations with breast cancer risk were consistent when stratified by study phase (Table 3) ; models best suited to each SNP are presented. Among premenopausal women, three SNPs (rs2059254, rs9925923, and rs12919719) were consistently associated with increased risk in dominant models, whereas one SNP (rs7188750) was consistently associated with decreased risk in a recessive manner. Among postmenopausal women, four SNPs (rs9989407, rs7196495, rs7196661, and rs13689) were consistently associated with increased risk in recessive models, and five SNPs (rs2059254, rs9925923, rs12919719, rs12599393, and rs1862748) were consistently associated with decreased risk in a dominant manner. However, no associations retained statistical significance after adjusting for multiple comparisons. In order to further evaluate the hypothesis that the association between E-cadherin SNPs and breast cancer may differ in estrogenrelated conditions, stratification by dichotomized BMI was also conducted; no associations were seen (data not shown).
The LD structure of the 40 polymorphic E-cadherin SNPs evaluated in the current study is shown in Fig. 1 . This LD structure included 2,152 genotyped controls and contained seven haplotype blocks. No associations with breast cancer risk were found in analyses among all women. However, E-cadherin haplotypes and breast cancer risk seemed to be associated in analysis that included only either pre-or postmenopausal women (data not shown). In general, haplotype analysis was consistent with the results from single SNP analysis.
Discussion
Common genetic variation across the E-cadherin gene was systematically evaluated in a large, population-based study of Chinese women. A total of 46 SNPs were genotyped; no overall associations with breast cancer risk were observed among 2,083 cases and 2,152 controls. In addition to polymorphisms, many other common CDH1 alterations have been reported, including mutations, loss of heterozygosity, transcriptional repression, and epigenetic silencing [3] . If present, these mechanisms of E-cadherin loss could dilute any effects due to SNPs on breast cancer risk, possibly explaining our results. However, several associations with breast cancer risk were observed when the study population was stratified by menopausal status; many were consistent between study phases. Differences in the relationship between CDH1 polymorphisms and breast cancer risk by menopausal status could result from the complex interaction between E-cadherin and the estrogen pathway [21] .
A classical tumor suppressor, E-cadherin expression has been shown to be frequently reduced or lost among epithelial tumors [2, 3] . This results in the suboptimal regulation of cell-cell adhesion, loss of cellular polarity, tissue disorganization, tumor progression, and metastasis [1, 3] . Roles in tumor initiation have also been suggested, as the loss of E-cadherin may promote tumorigenesis by releasing membrane-bound b-catenin, thereby, potentiating the canonical Wnt signaling pathway, or by modulating mitogenic signaling, such as EGF-induced cellular proliferation [1] . Several functional polymorphisms that diminish E-cadherin expression have been reported [4, 6, 10, 11] ; however, studies on breast cancer risk have been sparse. Yu et al. genotyped the functional promoter polymorphisms -160 C/A (rs16260) and -347 G/GA among 468 cases and 470 controls and found that the two SNPs were in high LD [9] . They found a significant dominant effect, such that minor allele carriers (rs16260 A) were 30% more likely to be breast cancer cases than women with only the major allele (C) [9] . On the contrary, Lei et al. genotyped the -160 C/A (rs16260) SNP among 576 cases and 348 controls, and found no association with breast cancer risk [5] . While not directly genotyped in this study, the genetic variation of this polymorphism was captured; three genotyped SNPs (rs11865026, rs8056538, and rs12930371) are reported to be in perfect LD (D 0 = 1.0, r 2 = 1.0) with rs16260 [17] . None of these three SNPs were associated with breast cancer risk, either among all women, or when stratified by menopausal status, in this study.
Several E-cadherin polymorphisms were found to be associated with breast cancer risk in analyses stratified by menopausal status, and significant when data from both study phases were combined. Among premenopausal women, a modest increase in risk was associated with three SNPs in intron 2, while a larger protective effect was observed for an SNP in intron 5. Among postmenopausal women, a large increase in risk was seen for SNPs in the promoter, intron 2, and 3 0 UTR, while a modest decrease in risk was associated with five SNPs in intron 2. However, several considerations must be made in interpreting these results. First, it must be noted that the sample size of this stratified analysis was reduced, and the smallest number of participants that was included was for those SNPs assayed by Affymetrix Targeted Genotyping among postmenopausal women (345 cases and 377 controls). In addition, when considering the number of associations evaluated, a Bonferroni corrected P value of 0.00125 would replace the 0.05 threshold for statistical significance; none of our estimates met this level of significance.
Strengths of this study include a large, two-phase, population-based study. We also had excellent coverage of the genetic variation across E-cadherin, as the polymorphisms that we genotyped are estimated to cover 100% of the SNPs with MAFs of 5% or greater with an r 2 of 0.8. Further, we had greater than 89% power to detect the association of 1.3 or greater for an SNP with an MAF of 15%, should such an association exist. In summary, several CDH1 SNPs were found to be differentially associated with pre-and postmenopausal women, with consistent results 
